A sweet potato medium (SPM) was formed with extract from baked sweet potatoes supplemented with 0, 4, or 8 g/L of each nitrogen source (beef extract, yeast extract, and proteose peptone #3) to form SPM1, SPM2, and SPM3 respectively. Lactobacilli MRS was used as control medium. Ten Lactobacillus strains containing an average of 2:34 AE 0:29 log CFU/mL were inoculated individually into batches of MRS, SPM1, SPM2, and SPM3. The growth patterns for the tested Lactobacillus strains growing in SPM2 and SPM3 were found to be similar to that in MRS. The average final population after 24 h of incubation in MRS, SPM2, and SPM3 reached 10:41 AE 0:35, 10:59 AE 0:27, and 10:72 AE 0:19 log CFU/mL respectively. SPM2 and SPM3 maintained higher pH values throughout the incubation period than MRS. These findings indicate that SPM2 can be a suitable medium for the growth of Lactobacillus and can provide an alternative at low-cost.
Lactobacilli are among the most important group of bacteria in applied microbiology. Formulating cultivation media for lactobacilli is very challenging due to the fact that lactobacilli are fastidious bacteria, and their nutritional requirements can vary widely depending on the strain. [1] [2] [3] [4] For normal growth, culture media are supplemented with various free amino acids, peptides, nucleic acid derivatives, fatty acid esters, minerals, vitamins, and buffering agents in addition to sugar. [3] [4] [5] [6] Nitrogen sources such as soy peptones, peptones of animal origin, bactopeptone, triptone, beef extract or yeast extract form an essential part of Lactobacillus media, since they are rich in diversified free amino acids, peptides, and most required vitamins and minerals, 4, 7, 8) but these nitrogen sources are expensive and form a significant portion of media costs. [9] [10] [11] Hence several studies have been carried out to replace expensive nitrogen sources with ingredients at low cost such as food by-products or agricultural wastes. With this aim, whey and buttermilk, 12) de-lipidated egg yolk and yeast autolysate, 9) fish viscera, 8) cassava bagasse and sugarcane bagasse, 13) spent cabbage juice, 14) a mixture of yeast and potato extracts, 15) juice of pineapple peel, 16) and corn steep liquor 17) have been tested. The growth and functionality of Lactobacillus in the tested products were compared to that in standard lactobacilli MRS. In general, the tested products showed lower or similar growth as compared to MRS supplemented with external nitrogen sources. Even though the tested ingredients were used as alternative nitrogen sources at low-cost, supplementation with external nitrogen sources was required to reach the level of growth in MRS. On the other hand, none of the tested products was studied as a suitable for the cultivation of Lactobacillus or as an alternative medium at low-cost. Finding an alternative low-cost medium that could be used for the cultivation of Lactobacillus should be given more attention.
Sweet potato (Ipomoea batatas (L.) Lam.) (batatas is Arawak name) is an abundant agricultural product that is rich in many nutrients. Sweet potato is a rich source of carbohydrates (mainly starch and sugars), certain amino acids, vitamins (vitamin A, vitamin C, thiamin, riboflavin, niacin, and vitamin E), minerals (calcium, iron, magnesium, phosphorus, potassium, sodium, and zinc), and dietary fiber, 18, 19) but maximum nutritional benefits of sweet potatoes cannot be realized unless a good cooking method is applied. Baking in a convection oven is best cooking method. 19) Since the growth of Lactobacillus strains requires carbohydrates, amino acids, vitamins, and minerals, sweet potatoes might form a significant portion of the Lactobacillus media in order to lower the cost. Sweet potatoes also contain other minor nutrients including antioxidants, triglycerides, linoleic acid, and palmitic acid. 18, 19) Oleic acid is known as an essential growth factor for Lactobacillus strains, 20) whereas antioxidants can stimulate the growth of Lactobacillus. 21) In addition, the state of North Carolina y To whom correspondence should be addressed. Tel: +1-336-285-4863; Fax: +1-336-334-7239; E-mail: sahayek@ncat.edu is the leading producer of sweet potatoes in the United States accounting 47.5% the total production.
22)
Based on the nutritional profile of sweet potatoes, this tuber has a great potential partially or fully to replace the expensive ingredients in Lactobacillus media and thus lower costs. The objective of this study was to investigate the use of sweet potato as basic component in developing a medium for cultivation of Lactobacillus.
Materials and Methods
Bacterial culture activation and preparation. Lactobacillus strains (Table 1) IN) , and L. acidophilus was isolated from a commercial product by our laboratory. These strains were activated in MRS broth (Neogen, Lansing, MI) by transferring 100 mL of stock culture to 10 mL of sterile MRS broth and incubating this at 37 C for 24 h. The activated strains were then stored at 4 C. Prior to each experiment, individual bacterial strains were streaked onto MRS agar and incubated for 48 h at 37 C. One isolated colony was transferred to 10 mL of sterile MRS broth and incubated for 24 h at 37 C. Typical bacterial growth has turbidity of 0.9-1.0 of an optical density at 610 nm with average population of 7 log CFU/mL.
Sweet potato medium preparation. Sweet potatoes (Covington cultivar) were obtained from Burch Farms in Faison NC. For each experiment, 900 g of fresh sweet potato was used to form 2 L of sweet potato medium (SPM). Fresh sweet potato was baked in a conventional oven at 400 C for 1 h. The sweet potatoes were then peeled and blended in a kitchen blender with deionized distilled water (DDW) at a ratio of 2:1 DDW (mL) to sweet potato (g). This solution was centrifuged at 7;800 Â g for 10 min with a Thermo Scientific Ã Sorvall RC 6 Plus Centrifuge (Thermo Scientific, Asheville, NC), and the supernatant was collected to form sweet potato extract (SPE). Three batch of SPE (1 L each) were mixed separately with group of ingredients ( Table 2 ) to form SPM1, SPM2, and SPM3. MRS (Neogen, Lansing, MI) broth was also prepared by dissolving 55 g of MRS broth and 1 g of L-cysteine in 1 L of DDW. It has been suggested that addition of L-cysteine increases the growth and biomass production of Lactobacillus.
3) Prepared media were sterilized with LV 250 Laboratory System Sterilizer (Steris, Mentor, OH), at 121 C for 15 min, cooled down to room temperature, and then stored at 4 C for use within 24 h.
Enumeration of bacteria. Bacterial populations were determined by plating appropriate dilutions prepared in sterile 0.1% peptone (Bacto Peptone, Becton Dickinson, Sparks, MD) solution onto MRS agar. The plates incubated at 37 C for 48 h. Plates having 25-250 colonies were counted to calculate bacterial populations.
Assay procedure. Bacterial strains were individually sub-cultured twice in batches of 10 mL of SPM1 broth and 10 mL of MRS broth for 24 h at 37 C. Strains grown were serially diluted individually in 0.1% peptone solution. Then 1 mL of individual strain at 10 À5 to 10
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dilutions were transferred to batches of 50 mL of corresponding media, mixed thoroughly, dispersed among six tubes, and incubated at 37 C. Initial bacterial populations were determined. Bacterial growth was monitored by measuring turbidity (O.D. 610 nm) at 2 h intervals for 20 h by means of a Thermo Scientific Genesys 10S UV-Vis spectrophotometer (Thermo Fisher Scientific, Madison, WI), bacterial populations (log CFU/mL) at 8, 12, 16, and 24 h, and titratable acidity and pH at 12, 24, and 48 h. Maximum specific growth rates per hour (m max ) for the tested Lactobacillus strains were determined during exponential growth phase by the optical density values.
Determination of pH value and titratable acidity. pH values were determined using a pH meter (Accumet Basic, AB15/15+, Fisher Scientific, Pittsburgh, PA). Titratable acidities (TA) were determined by the AOAC method. 23) Determination of buffering capacity. Buffering capacity (BC) was determined by placing 25 mL of the medium into a 100-mL beaker. The initial pH value was recorded with a calibrated pH meter, and titration was done with 0.1 N HCl until pH 2.0 was reached. 24) Buffering capacity was calculated mathematically as the amount of 0.1 N HCl (mL) added divided by the unit change in the pH value.
Statistical analysis. Each experimental test was conducted three times in a randomized block design to evaluate the growth of Lactobacillus strains in SPMs compared to that in MRS. The R Project for Statistical Computing, version R-2.15.2 (www.r-project.org) was used to determine the significance of differences between MRS and SPMs and among Lactobacillus strains using the data on means of triplicate tested samples by one-way ANOVA (analysis of variance) at a significance level of p < 0:05.
Results and Discussion
Growth of lactobacilli strains Three test SPMs were developed at different concentrations of nitrogen sources using SPE as the basic component (Table 2) to investigate the suitability of sweet potatoes as a basic component for cultivation of Lactobacillus. The SPEs contain water 92.28%, protein 0.54%, fructose 0.29%, glucose 0.41%, sucrose 1.12%, and maltose 2.08% in addition to several vitamins and minerals. Figure 1 shows the growth of Lactobacillus strains during 20 h of incubation at 37 C. In all tested media, no visual growth was observed during the first 10 h of incubation. During the next 10 h of incubation, the Lactobacillus strains showed similar growth rates in MRS, SPM2, and SPM3. Only slight difference among the tested Lactobacillus strains grown in the three media was observed. SPM1 showed slower growth rates for all tested strains than MRS. Optical density readings at 20 h of incubation reached averages of 1:505 AE 0:216, 0:984 AE 0:114, 1:427 AE 0:15, and 1:434 AE 0:182 for MRS, SPM1, SPM2, and SPM3 respectively. m max showed no significant differences among MRS, SPM2, and SPM3 for all strains (p > 0:05, Table 3 ). The m max values for SPM1 were significantly lower (p < 0:05) than that in other media. Figure 2 shows the bacterial populations (log CFU/ mL) for the Lactobacillus strains during 24 h of incubation at 37 C. Only slight differences among MRS, SPM2, and SPM3 in the population of Lactobacillus strains were observed. The average population of the Lactobacillus strains showed no significant (p > 0:05) differences among the three media ( Table 4 ). The populations of Lactobacillus strains in SPM1 were 1 to 2 log CFU/mL less than MRS. The results for the bacterial populations accorded with OD and m max indicating clearly that SPM2 is suitable for the growth of the tested Lactobacillus strains showing same growth as in MRS. SPM2, containing less than 50% of the amounts of nitrogen sources of MRS, showed similar growth rates and slightly higher bacterial population than MRS. SPM1, which was not supplemented with nitrogen sources, showed only 1 to 2 log CFU/mL lower bacterial population than MRS. Thus sweet potato, a rich source of several nutrients, can partially replace expensive nitrogen sources in lactobacilli media showing the same growth rates as commonly used expensive media such as MRS. Sweet potato protein has been reported to be the least affected by cooking processes such as steaming, boiling, and baking of the other nutrients in sweet potato. 19) In addition, SPM3, containing twice the amount of nitrogen sources as SPM2, showed similar growth rates and bacterial populations to SPM2. Thus the extra amounts of nitrogen sources in SPM3 did not improve growth rates or increase the final bacterial population of the tested Lactobacillus strains. These results accord with other findings, that increases in amino acids and peptides beyond the essential requirements may not necessary result in increased growth. 25) Thus it appears that the amounts of peptone, yeast extract, and beef extract (4 g/L of each) in SPM2 were suitable for normal growth of the Lactobacillus strains. Since nitrogen sources are the most expensive part of lactobacilli media, the total cost of SPM2 was less than that of MRS. According to the current pricing of materials used in this study, formulating 1 L of media costs, US$ 4.46, 3.62, 2.37, and 1.1 for MRS, SPM3, SPM2, and SPM1 respectively. Thus, SPM2 appears to be suitable low-cost medium for normal growth of lactobacilli and could be used as an alternative to MRS.
These results accord with other findings. Supplementation of food byproducts and agricultural products with external nitrogen sources is important to ensure sufficient amounts of free amino acids and peptides for the growth of lactobacilli. The use of whey or buttermilk for the growth of Lactobacillus strains showed lower growth than MRS. When whey and buttermilk were supplemented with 0.3% yeast extract, the growth of the Lactobacillus strains was similar to that in MRS. 12) When autolysate and/or de-lipidated egg yolk were used in place of yeast extract, the final bacterial populations were about 1 log CFU/mL lower than in MRS. 9) Minimum supplementation of yeast extract has been found to be important for lactic acid production and sufficient growth of L. bulgaricus on sugarcane bagasse and cassava bagasse. 13) For high density production of lactobacilli using wheat stillage and molasses, the medium was supplemented with yeast extract. 26) Thus, supplementation of SPM with peptone, yeast extract, and beef extract is required to ensure the normal growth of lactobacilli.
Acid production and buffering capacity Lactobacillus is a genus of lactic acid bacteria recognized for fermenting sugars into energy and lactic acid during growth. The relationship between pH and 27) Most Lactobacillus strains grow at an optimum pH between 5.0 and 6.0, but they can also grow at relatively low pH 4.4. 28) In the present study, the initial pH values for the tested media ranged between 6.37 and 6.54. There was no difference in pH values for the first 12 h among the media (Table 5 ). SPM2 and SPM3 maintained the pH above 4.4 after 24 h of incubation and at about 4.4 after 48 h of incubation ( Table 5 ). The pH values in MRS dropped below 4.4 after 24 h of incubation, and below 4.0 after 48 h. SPM2 and SPM3 showed similar pH values throughout the incubation time. In addition, MRS showed significantly higher (p < 0:05) TA values than any of the SPMs at 24 h and 48 h of incubation (Table 6 ), but the BCs for SPM2 and SPM3 were significantly higher (p < 0:05) than BC for MRS. The BC values for MRS, SPM1, SPM2, and SPM3 were 11:56 AE 0:51, 10:57 AE 0:44, 13:95 AE 0:52, and 14:73 AE 0:61, respectively. The higher BC for SPM2 and SPM3 may explain the higher pH values and lower TA compared to MRS. Thus, due to the low BC in MRS than for SPM2 and SPM3, the final pH values of MRS after 24 h and 48 h of incubation were lower than that for SPM2 and SPM3.
Several components might have been responsible for the BC of the growth medium. The higher BC for SPM was due mainly to the SPE, which had BC ranging from 4.31-4.75. In addition, other buffering agents originally found in the original MRS, used to form SPM, might have been responsible for the high BC for SPM, including sodium acetate, disodium phosphate, potassium phosphate, and ammonium citrate. Sodium acetate and ammonium citrate play important buffering roles by preventing acidification of the culture medium.
29) The omission of sodium acetate and/or ammonium citrate might lower the growth of Lactobacillus strains due to fast reduction in the medium pH. A high BC at the optimal pH for microbial growth appears to be favorable to bio-transformation. Conversely, a low BC can be considered negative for the growth of microorganisms. On the other hand, the carbon source in the medium affects the production of lactic acid and influences changes in pH values. 27) Sugars must be converted into glucose before they can be utilized by Lactobacillus to produce lactic acid. MRS contains glucose, whereas SPM contains other mono and disaccharides such as fructose, sucrose, and maltose, which can require longer times to produce lactic acid, this might also cause lower acid production and higher pH values. The higher BC and higher pH values in SPM2 and SPM3 as compared to MRS can explain the decline in bacterial population in MSR after 48 h of incubation as compared to that at 24 h, while SPM2 and SPM3 showed the same or higher bacterial populations (data not shown).
Conclusion
The cultivation of Lactobacillus using sweet potatoes base medium was studied. Our results indicate that SPM2 is a suitable medium for the growth of lactobacilli. The growth of the tested Lactobacillus strains in SPM2 and SPM3 was similar to that in MRS. Since no significant differences were found between SPM2 and SPM3 with regard to the growth of the Lactobacillus strains, the formula for SPM2 can be used as the final formula for SPM. In addition, SPM2 can serve as a medium alternative to costly MRS broth. These findings might lead to more interest in using sweet potatoes in other applications, such as fermentation and lactic acid production. The use of sweet potatoes to develop a new medium for lactobacilli might also open the door to new applications for sweet potato.
